In this study, two anoxic-oxic-MBR systems (conventional and biofilm) were operated in 30 parallel under complete SRT to compare system performance and microbial community 31 composition. Moreover, with the microbial communities, comparisons were made between adhesive 32 stage and suspended stage. High average removal of COD, NH 4 + -N and TN was achieved in both 33 systems. However, TP removal efficiency was remarkably higher in BF-A/O-MBR when compared 34 with C-A/O-MBR. TP mass balance analysis suggested that under complete SRT, sponges play a 35 key role in both phosphorus release and accumulation. The qPCR analysis showed that sponge 36 biomass could maintain higher abundance of total bacteria than suspended sludge. Meanwhile,
Introduction 45
The increase in nutrients, especially nitrogen and phosphorus, in domestic wastewater 46 treatment plant discharge can cause cultural eutrophication in surface waters. The manifestations of 47 these phenomena are known as algal blooms that occur during the warmest season. Excessive 48 nutrient concentration can accelerate the growth of microorganisms (including algae) and other 49 aquatic plants in the receiving waters, leading to low dissolved oxygen concentrations. Due to the 50 fact that conventional biological treatment processes have been designed to meet secondary 51 treatment effluent standards that typically do not remove nitrogen and phosphorus to the extent 52 needed to protect the receiving waters, wastewater treatment systems are required to achieve 7 153 mg/l), CuCl 2 .2H 2 O (0.022 mg/l), MgSO 4 .7H 2 O (5.6 mg/l), FeCl 3 .6H 2 O (0.88 mg/l), and 154 CaCl 2 .2H 2 O (1.3 mg/l). The reactors were inoculated with activated sludge from a domestic 155 wastewater treatment plant located at An-Ping Tainan, Taiwan. A sample of the activated sludge 156 collected from the aeration basin was settled for 4 h, and the supernatant was discarded. At the start 157 of each system, a portion of activated sludge was diluted with DI water to 10 l, aerated in the 158 container and fed with a stock solution at an influent flow rate of 3.5 l/day to restore its activity. 159 After 7 days, a 4.5 l volume of the renewed sludge was applied as an inoculum to maintain an initial 160 MLSS concentration of approximately 5,000 mg/l.
161
Analytical method for wastewater quality parameters 162 Mixed liquor suspended solids (MLSSs), mixed liquor volatile suspended solids (MLVSSs), 163 chemical oxygen demand (COD), ammonia nitrogen (NH 4 + -N), nitrite (NO 2 --N), nitrate (NO 3 --N), 164 total nitrogen (TN), and total phosphorus (TP) concentrations were measured according to the 165 standard methods [6] . Dissolved oxygen and pH were determined using a WTW Multi pH/Oxi 340i 166 dissolved oxygen meter. A differential pressure gauge was used to measure the transmembrane 167 pressure (TMP) of the membrane module. 168 Samples of mixed liquor for EPS analysis were taken from the anoxic tank and the aerobic 169 MBR tank. All samples were cooled to 4°C to mitigate microbial activity. The samples were then 170 centrifuged at 6,000 g for 20 min at a temperature of 4°C. The supernatant was filtrated with a 0.45 171 µm membrane filter. The precipitation was re-suspended in the buffer solution with the same 172 volume of the supernatant. The extraction of EPS was based on the cation exchange resin (Dowex ® 173 Marathon ® C, Na + form, Sigma-Aldrich, Bellefonte, PA) extraction method, as has been described 174 by Frølund et al. [7] . The exchange resin of 70 g of Dowez/g MLVSS was added to 30 ml of the 175 sample. The sample and the exchange resin were then mixed at 600 rpm (4°C) using a magnetic 176 stirrer for 2 h. After that, the samples were centrifuged for 15 min at 12,000 g in order to remove 177 the suspended solids. The supernatant was then filtered through a 0.22 µm membrane filter. The 178 filtrate was presented as the total EPS. The carbohydrate content and the protein content were 8 179 measured using the phenol-sulfuric acid method and the Modified BSA kit based on the methods 180 described by Dubois et al. [8] and Lowry et al. [9] , respectively. Glucose and bovine serum albumin 181 (BSA) were used as the carbohydrate standard and the protein standard, respectively. The sum of 182 the carbohydrate and the protein EPS concentration was presented as the total EPS concentration.
183
Sampling and DNA extraction 184 The sponge biomass of the BF-A/O-MBR system and the sludge biomass in the aerobic MBR 185 tank of both systems were sampled periodically throughout a 45-day period. DNA extraction was 186 performed using the Fast-DNA SPIN kit for soil (MP Biomedicals, Solon, OH, USA) with some 187 modifications of the protocol. This method used a mix of chemicals and physical methods. The lysis 188 process is the initial process that involves adding lysis chemical into the sample inside a tube that 189 contains beads and is then put throgh a physical high-speed mixer. After the lysis procedure, the total bacterial 16S rRNA genes were performed using the primers ( Supplementary Table 1S , 200 supporting information). The 10-fold dilution series of standard calibration ranged from 5.0 to 201 5x10 7 copies/reaction. The PCR mixture at a volume of 20 µl contained the reagent as is shown in 202 where E = evenness, S = total number of species in the population. General performance of the two MBR systems is summarized in Table 1 . The COD and NH 4 --253 N removal performances were higher than 97% and 99%, respectively, when the influent COD and 11 254 NH 4 --N loads were 0.65 kg-COD/m 3 .d and 0.16 kg-NH 4 --N /m 3 .d, respectively. Since autotrophic 255 nitrifying bacteria are well-known as slow-growing bacteria [11] , the extended mean cell residence 256 time (MCRT) would be able to provide nitrifying bacteria that is sufficient enough to ensure 257 effective nitrification. Therefore, the complete SRT applied in this study was very beneficial for the 258 nitrifying bacteria. However, the TN removal efficiency levels were found to be significantly higher which play crucial roles in nitrogen removal. This aspect will be proven using real-time PCR and 265 pyrosequencing analysis in the next sections.
266 Table 1 . Influent concentration, effluent concentration and system performance of BF-A/O- for the purposes of denitrifying bacteria and PAOs.
267

MBR system and C-A/O-MBR system.
System types BF-A/O-MBR C-A/O-MBR
287
The mass balance result also showed that most of the TP in the influent was adsorbed somehow 288 into suspended biomass 0.015 g-P/day and sponge biomass 0.044 g-P/day in the BF-A/O-MBR concentration of the BF-A/O-MBR system were 1.1 x 10 11 , 1.6 x 10 3 and 4.5 x 10 5 copies/ml of 318 sponge biomass and 6.0 x 10 8 , 9.9 x 10 5 and 5.1 x 10 6 copies/ml of sludge biomass, respectively.
319
During the stabilization stage, the amounts of total bacteria in the sponge biomass were higher than 14 320 that of the suspended sludge. However, for AOB and denitrifying bacteria, the concentrations were 321 always lower in the sponge biomass when compared with the suspended sludge. The results clearly 322 revealed that a compacted sponge at an adhesive stage could contain higher active biomass than a 323 suspended stage. Nevertheless, AOB and denitrifying bacteria likely preferred to grow under the 324 suspended stage rather than under the adhesive stage. Due to the fact that the compacted sponge 325 was added into the anoxic tank, thus, the inner side of the compacted sponge may lack the oxygen 326 and nitrate source which was used as an electron acceptor for AOB and denitrifying bacteria, 327 respectively, resulting in lower amounts of these bacteria groups in the sponge biomass. Therefore,
328
of the majority of the nitrification and denitrification processes in this study tended to occur in the 329 suspended sludge rather than the sponge biomass. denitrifying bacteria were 6.4 x 10 8 , 1.8 x 10 6 and 5.1 x 10 6 copies/ml of sludge biomass for the BF-
346
A/O-MBR system and 1.2 x 10 7 , 1.2 x 10 5 and 9.1 x 10 4 copies/ml of sludge biomass for the C- as an active attached biomass was more diverse than the suspended sludge. This finding also 368 revealed that the existence of the compacted sponge in the anoxic tank had an effect on the diversity 369 of the microbial community in the suspended sludge. The reason for this is that when the compacted 16 370 sponge was constructed in the anoxic tank, the biofilm which developed on the sponge surface 371 became thick and eventually sloughed off to the suspended sludge. Therefore, some of the 372 microorganisms that attached and grew on the sponge surface were exposed to the suspended 373 sludge, which led to a high level of diversity in the suspended sludge. 
MBR and C-A/O-MBR system (BF-A/O-MBR (SS) and C-A/O-MBR (SS), respectively).
Sample ID BF-A/O-MBR (SP) BF-A/O-MBR (SS) C-A/O-MBR (SS)
Observed OUT 671 623 579 respectively) (Fig 4(b) ). Betaproteobacteria, the most abundant class, is largely responsible for 469 organic and nutrient removal [28] . Betaproteobacteria, Alphaproteobacteria, Gammaproteobacteria, 470 and Deltaproteobacteria are also well-known for being present in butyrate, glucose, propionate, and A close investigation at the genus level (Fig 4(b) ) showed that the genus Nitrospira, which is . This finding revealed that most of the nitrification process tended to occur 500 outside the sponge biomass and that the existence of a compacted sponge was not involved in the 501 ammonia removing process that occurred in this study. Additionally, pyrosequencing analysis 502 showed that only a small amount of nitrifiers ( Fig 5) were detected in the reactor when compared 503 with the qPCR results on the same day, as has been described above (Fig 2) . The results suggested 504 that real-time PCR using a functional gene is an effective tool for quantitative targeting of the 505 bacteria group rather than pyrosequencing. biomass sample was Thauera (11.40%) followed by Pseudomonas (6.59%), Azospira (5.43%) and for PAOs to consume a carbon source and release phosphates at the same time, resulting in a high 546 degree of phosphorus removal that was achieved even without the anaerobic compartment.
547
To obtain a higher resolution of community composition, a heatmap was utilized to illustrate 548 the relative abundance of the 37 OTUs found in the three samples presented in 
